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Abstract.The functional properties of novel and tailored (personalized) foods viewed as 
rheological parameters with relevance for the characterisation of food matrices in certain condition 
imposed a correct selection of the rheological methods and association with others techniques, such 
spectroscopy or microscopy, TPA (Texture Profile Analysis) or thermodynamically evolution of food 
system, in order to obtain a complete image of the total quality and dynamic foods behaviour. 
The physico- rheo -molecular approach involve a correct selection of the significant markers which 
give the more relevant experimental results. The present paper research aim to review the actual 
approach in selecting the investigation protocols for a complete functionalities characterisation in case 
of novel or tailored foods. The dependency of viscosity from shear rate at 100 s-1 as rheological 
marker is relevant for the physical sensation give by the fat content in classical or low-calorie foods 
(mayonnaises, dressings, sauces). The kinetic viscosity,yield stress and mass specific heat flow are 
rheological markers in dynamic termomechanical tests. The sensory acceptance of food and the limits 
of acceptability associated with the palatability characteristics (positive correlated with viscosity and 
frictional coefficient) make a relevant bridge between structure and sensoriality. Dynamic Gastric 
Model (DGM) which reproduce the human body condition for digestion for characterisation of the 
food transformation and specific interaction which occur between nutrients in real time are the future 
approach in food bio-nutrition. 
 
Keywords: Rheology, tailored foods, novel foods, thermo-rheology, TPA (Texture Profile 
Analysis), differential scanning calorimetry (DSC), differential thermal analysis (DTA), Dynamic 
Gastric Model (DGM). 
 
INTRODUCTION 
 
Consumers demand change dramatically in modern open society, but the requests 
about the qualities associated with the perception of more tasteful, natural, healthy, convenient 
and novel are a constant for all categories of foods (Windhab, 2008). Food processors use 
diverse raw materials, ingredients, additives and convenience foods and demand an exact 
rheological characterisation of food matrices in the initial, intermediary (transient) and final 
processing stage as well as in the commercial and end-use lifecycle of their products 
(Barbosa-Cánovas,1996; Barringer, 2003). The principles of integrated reverse engineering 
and nanostructuration of novel foods involve the defining of the processing methods and 
parameters for tailored foods creation (Bhattacharya ,1997; Finney ,1972).   The complexity 
of food products structure, the interactions between food compounds and their dynamicity in-
processing and in shelf life generate difficulties in predicting the rheological behaviour in 
different conditions. Rheology concerns the flow and deformation of substances and, in 
particular, their behaviour in the transient area between solids and fluids. Rheological 
measurements could be used as a tool for global textural characterization of raw foods prior to 
processing, for intermediate products during manufacturing and convenience ready- to- eat 
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foods. Rheological behaviour is concerned with how all materials respond to applied forces 
and deformations. Rheological parameters are determined by measuring force and 
deformation as a function of time (Mezger , 2002; Nielsen,1998; Wilhelm, 2002). 
 
The present paper research aim to review the actual approach in selecting the 
investigation protocols for a complete functionalities characterisation in case of novel or 
tailored foods. 
 
FUNCTIONAL PROPERTIES INVESTIGATION WITH RHEOLOGICAL TOOLS 
 
The rheological experimental protocol involves two types of fundamental tests: 
1. Large strain (deformation) tests were performed to characterize the fracture 
characteristics. Force and deformation were recorded during time and recalculated into true 
stress (T) and true strain (T) values. 
1.1Uniaxial compression test evaluate the textural characteristics of solid foods (force of a 
given deformation or vice versa). 
1.2Compression to fracture tests determinate the compression force to fracture of solid 
foods. With a TPA profile, the fracture stress reflects the hardness and the strain reflects 
deformability or brittleness. 
1.3 Puncture tests plotted the strain-stress curve in the single punctual deformation. 
1.4Torsion tests asses the shear torsion moduli dependency of shear torsion stress at a sample 
twist). 
2. Small strain (deformation) tests 
2.1Classic rheological analysis in steady shear flow (steady shear tests) in small 
deformation rheology (controlled shear rheometer).  
2.2Creep and creep recovery tests (stress jump phase/rest phase with zero stress)  
2.3Stress relaxation tests (2 steps-deformation/relaxations) 
2.4 Oscillatory (O) rheological tests in sinusoidal mode shear strain tests: amplitude sweep 
tests, frequency sweep tests time sweep tests. 
2.5 Rotational(R) rheological tests with oscillatory shear rate constant. 
 
 
 
Fig. 1. Texture profile analysis(TPA) using Szazesniak Mastication Test 
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Dynamic rheology measure the contribution to the internal structure of the 
viscoelastic materials from the elastic and viscous ratio of flow to the complex viscosity. 
Small amplitude oscillatory shear (SAOS) could evaluate the kinetics of network development 
within viscoelastic region and the strain is restricted to less than 5%. Small constant 
amplitude oscillation within linear viscoelastic region at variable angular frequency 
(frequency sweep test)of the displacement(amplitude sweep test) is applied with the 
determination of the critical strain-the maximum deformation amplitude at which both 
elastic and viscous moduli are independent of the stress applied (index of extensibility). The 
amplitude of the applied stress used in this type of test is usually so small that the material is 
in the linear viscoelastic region (LVR) the stress is proportional to the strain (non-destructive 
tests). In a dynamic experiment, a sinusoidal stress is applied to a material and the resulting 
sinusoidal strain is measured, or vice versa.  The applied stress is characterized by its 
maximum amplitude and its angular frequency. The resulting strain has the same frequency as 
the applied stress, but its phase is different because of relaxation mechanisms associated. 
 
  
 
Fig. 2. Amplitude sweep test in LVE range for a  liquid-like sample 
 
Information about the viscoelastic properties of the material could be obtained by 
measuring the maximum amplitude and phase shift of the strain. The zero shear viscosity 0, 
the linear steady-state compliance and the elongation viscosity are the rheological markers 
used for the sample molecular characterization. 
Complex tests are recommendated for investigation of the thixotropic behaviour: 
1. Three Step oscillatory test (low shear condition for G’ determination -reference interval, 
structural break phase in a high-shear interval, structural regeneration in a regeneration 
phase). 
2. Three Step oscillatory rotational oscillatory test (one and three stage in the viscoelastic 
range and second phase in the high-shear rate shear stress range). 
3. Three Step oscillatory test (low shear condition for G’ determination -reference interval, 
increasing viscosity stage in a high-shear interval, complete structural regeneration in a 
regeneration phase). 
4. Thermo-mechanical analysis (TMA) is used to determine the deformation of a sample 
(changes in length or thickness) as a function of temperature. 
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Temperature program in the time-dependent temperature profile for analysing the 
temperature-dependent behaviour of materials showing no chemical modification during 
(melting, softening, solidification, crystallization): 
1. Linear heating rate (dynamic temperature sweep). 
2. Incremental step in several test intervals at constant temperature. 
Dynamic-mechanical thermo analysis tests are: 
1. Tests with controlled shear strain 
2. Tests with controlled shear stress. 
Oscillatory and rotational tests give relevant results in case of multi-phases with 
complex and instable physical structures in the investigation condition: 
1. Tests with 3 intervals in O-R-O series 
2. Tests with 7 steps: pre-shearing via rotation, rest phase no shearing, amplitude sweep, rest 
phase no shearing, flow and viscosity curves via rotation, rotation at higher and then lowers 
shearing conditions. The amplitude sweep step evaluates the viscoelastic character of the 
sample. The rotation step in high-shear conditions evaluates the structural strength. The 
rotation step in low-shear conditions evaluates the structural regeneration specific for the 
thixotropic behaviour. 
 
 
 
Fig. 3. Protocol for investigation of the thixotropic behaviour using 3-intervals test 
 
NEW RHEOLOGICAL TOOLS 
 
The non-linear application of Fourier-transformation rheology is the actual proposed 
solution for molecular topology and rheological parameters investigation in the transient or 
dynamic area. The mechanical higher harmonics reaction is quantifying in the non-linear 
range using Large Amplitude Oscillatory Shear (LAOS).  
Rheo-SAXS combination correlates the mechanical non-linearity with structural ordering in 
case of macromolecules or crystalline state. 
CABERS (Capillary Break-up Elongational Rheology) serve for measurement of elongation 
viscosity in lower viscous fluid system. 
Association of transient velocity field measurements PIV/PIV, MRI, US-Doppler and 
Non-Newtonian Computational Fluid Dynamics (NNCFD) generate a valuable validation of 
the rheological parameters. 
In addition, UVP (Ultrasonic velocity profiler) rheometry provide the velocity profile 
as a function of time in high-performance rheometry. 
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NEW COMPLEX INVESTIGATION TOOLS 
 
The new rheological methods investigate the phase’s behaviour and identify the 
molecular interactions (hydrophobic, Ca-mediated, electrostatic) involved in the phase 
transitions: 
1. Reversed phase chromatography (RP-HPLC). 
2. SWING Wide/Small angle X-Ray Scattering 
3. SMIS Spectroscopy and Microscopy Infrared Region using Syncroton 
4. DISCO Dichroism, Imaging and Mass Spectroscopy for Chemical and Biological Systems. 
5. Dynamic Light Scattering (DLS).The intensity autocorrelation function is measured with 
DLS and analysed in terms of a distribution of relaxation times, using a double exponential fit 
model.  
6. Cryo-Transmission Electron Microscopy (CTEM) Cryo-transmission electron micrographs 
with transmission electron microscope generate images recorded digitally by a camera using 
the Digital Micrograph software package. 
7. SDS- electrophoresis determines the differences in molecular droplet size;  
8. Turbidity measurements (turbidity values into three regimes: transparent, translucent and 
turbid) are performed on a UV–Vis spectrophotometer equipped with a temperature 
controller.  
9. Pulsed Field Gradient (PFG) for quantitative assessment of droplet size distribution (DSD). 
10. FRAP (Fluorescence Recovery after Photo bleaching) determination of the local diffusion 
coefficients for multiphase systems in the recovery process after laser bleaching CLSM 
(Confocal Laser Scanning Microscope) in the determined bleached area. 
 
THERMO-RHEOLOGICAL INVESTIGATION TOOLS 
 
The temperature profile control associated with the mechanical dynamicity present the 
material and energy flow in the fluid or transient structures and generates the key for numeric 
modelling of the food behaviour in time and different conditions.  
Specific complex experimental protocols could be imagine for determining the 
temperature-dependency of foods and material specific temperatures as followings: 
1. Differential Scanning Calorimetry (DSC)-temperature dependency of mass specific heat 
flow. 
2. Differential thermal analysis (DTA) or thermogravimetry –temperature dependency of mass 
or relative mass (evaporation, decomposition) 
3. Thermo-mechanical analysis –temperature dependency of coefficient of thermal expansion. 
In addition to differential scanning calorimetry (DSC) most frequently used for determination 
of the thermo physical parameters is the differential thermal analysis (DTA).  
These two methods according to ICTA (International Confederation for Thermal 
Analysis) are based on the change of apparent system enthalpy.  
The advantage of DTA method used in this work lies in a negligible thermal gradient 
in samples and in the fact that rate of temperature changes does not affect the accuracy of 
measurement. 
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Fig. 4. Protocol for investigation of the thixotropic behaviour using O-R-O test 
 
THERMO-RHEOLOGICAL  PROTOCOLS IN THE DYNAMIC GASTRIC MODELS 
 
Mimetic protocols which reproduce the human body condition for digestion and the 
characterisation of the food transformation and specific interreaction which occur are the 
actual succesful approch  in food bio-nutrition. Institute of Food Research create a Dynamic 
Gastric Model (DGM) that replicates the complex physico-biochemical conditions, to 
investigate in real time and human mimetic conditions the bio-performance of foods(controlle 
stability, release rate, bioavailability). 
The kinetic viscosity,yield stress and mass specific heat flow are rheological markers 
in dynamic termomechanical tests. 
 
CONCLUSIONS 
 
The new approach in functional properties investigation is a interdisciplinary one, in 
which a combination of molecular and rheological technique associated with the sensory 
evaluation and modelling of the digestion is recommendated for a global and integrative 
description of the dynamicity for food quality and behaviour. The modelling of the complete 
food digestion stages and metabolic conversion in the digestive tube with the characterisation 
of the transition modes using thermo-rheological methods associated with molecular 
dynamicity evaluation is the current modern approach. 
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